I. Introduction
A growing body of evidence throughout sub-Saharan Africa argues for the pursuit of a food security strategy based on diversification of smallholder agriculture into high-valued cash crops. 1 The empirical record suggests that in many semiarid areas cash crops such as cotton, sunflower, and groundnut provide higher returns to land and labor than food grains and thus present major opportunities to promote smallholder income growth, food security, and national foreign exchange generation. Empirical findings have also shown that, to the extent that food and cash crops require labor or draft inputs at different periods, crop diversification may generate a significantly higher value of output for a given bundle of inputs. 2 In spite of these findings, smallholders in most semiarid areas of Africa continue to devote up to 90% of their cropped land to food grains. This is especially ironic in the semiarid areas, considering the drought tolerance of oilseeds compared with maize and sorghum. While several constraints to the expansion of cash cropping are wellknown poor seed delivery systems, lumpy investment requirements, and risks associated with acquiring food from unreliable markets where prices and availability fluctuate considerably3 the expected profitability oc these crops relative to grain crops normally has not been questioned.
This article suggests that cash crop production may be economically unviable despite providing higher returns to land and labor than grain crops in an environment of high food-marketing costs to rural areas. A simple conceptual mode! is presented to show that the seemingly higher financial returns to cash crops over grain production are based on the implicit assumption that farmers are self-sufficient in grain. Evidence suggests, however, that most farm households in the semiarid areas of sub-Saharan Africa are net grain purchasers despite devoting the bulk of their resources to grain production. For these households, the opportunity cost of cash crop production is not the net returns to growing and selling food grains but, rather, the cost of acquiring the grain forgone by cultivating cash crops, which is related to acquisition costs of grain rather than selling prices. Typical assessments of crop profitability (e.g., returns to land and labor) may be based on the wrong prices, and thus provide misleading information to national extension services and policymakers about desired crop composition to raise farm incomes and national agricultural growth. Large wedges often observed between rural producer and consumer grain prices may make cash crop production unprofitable until enough grain is planted for household consumption requirements. 4 These theoretical implications are supported by econometric evidence from Zimbabwe indicating that cultivation of various oilseed crops for the market, which often provide substantially higher rates of return than grain under semiarid smallholder conditions, is closely associated with the degree of grain self-sufficiency of the household. Controlling for differences in household assets and location, grainsurplus households in five semiarid regions of Zimbabwe were found to cultivate 48% more oilseed crops for the market than their grain-deficit neighbors. The results indicate that in situations where productivity gains through new technology are not on the immediate horizon policy efforts to raise rural incomes through crop diversification are critically dependent on the development of food markets that reduce the consumer price of staple grain in rurat areas. Moreover, the micro-level effects of artificially high food-marketing costs on cropping patterns and household incomes may have important macro-level reverberations by skewing cropping patterns away from those of comparative advantage and agricultural growth. Finally, the results suggest that the direction of causality between cash crop production and household income may run both ways: households that engage in substantial cash cropping may have higher incomes, yet in an environment of high food-marketing costs, the ability to engage in cash cropping appears dependent on adequate household productive assets over and above those needed for subsistence grain production needs.
II. Conceptual Framework
Typically, when commodities such as food are bought and sold by smallholders, the farm gate price is some fraction of the purchase price. The width of the wedge between these prices is a function of transportation, storage and processing technology, infrastructure, policy-related factors, and institutions that coordinate exchange across space, time, and form.
The evidence is now overwhelming that throughout much of semiarid sub-Saharan Africa, a large proportion of rural farm households cannot or do not produce enough grain to feed themselves and are purchasers of grain.5 Therefore, returns to crop production for sale may not accurately represent the relative profitability of alternative crops. For grain-deficit households, the decision to grow a hectare of cash crops must be at the expense of a hectare of food grain for home consumption. In this case, the decision facing the smallholder is whether to (1) grow oilseed or other crops for cash to buy back grain for home use or (2) grow grain until expected food self-sufficiency is reached before diversifying into cash crops.
The relevant grain price in strategy 1 is the cost of acquiring staple grain, not the farm gate price. Strategy 1 is a food security strategy based on the argument that income from cash crop cultivation can buy back more grain than could have been produced if those same resources were devoted to food crop production. Strategy 2 appears on the surface to be a risk-averse food self-sufficiency strategy but would also generate a higher expected return on available household resources if the income generated from cash crop cultivation were insufficient to buy back the grain that could have been produced with those resources for home consumption. Abstracting from nonmarket purposes for growing cash crops,5 the decision rule for choice of crop on each additional hectare put under cultivation is: grow cash crops if
where YJ = expected gross margin of cash crop i (Z$/hectare); D = one if, given the outcome of the decision rule of the previous marginal hectare, the household expects to be food self-sufficient;7 and zero if, given the outcome of the decision rule of the previous marginal hectare, the household expects to be food deficient; PPgt = grain producer price (Z$/kilogram); Qff = expected grain production per hectare (kilograms/hectare); Cgr = variable costs of grain production (Z$/hectare); s = proportion of grain production that is consumable over 1 year, accounting for storage losses (percent of kilograms produced); jt = extraction rate from grain to meal (percent); and PCy = acquisition price of grain meal in rural area (Z$/kilogram).
If, given the allocation decisions on the previous land units, the household expects to have a grain surplus (D = 1), the decision rule reduces to a simple comparison of gross margins from grain and cash crop /. If, however, the household expects to be grain deficient, cultivation of cash crop / means that 1 hectare of grain for home consumption is forgone. The second bracketed term, \QvsxPCv -Cgr], accounts for the net cost of purchasing the amount of grain meal that could have been produced on that hectare, accounting for storage losses, grain-tomeal milling losses, milling costs, and production costs incurred if the household produced and processed the grain itself.
This model suggests that, ceteris paribus, the viability of producing cash crops by net grain-purchasing households is negatively related to the acquisition price of grain meal, not to the producer price of grain. The greater the wedge between these producer and consumer prices, the greater is the divergence in the value of grain by grainsurplus and grain-deficit households. The higher the acquisition cost of staple food relative to producer prices for cash crops, the lower the incentive is for grain-deficit households to diversify, ceteris paribus.
In many sub-Saharan African countries, marketing margins between producer and consumer food prices are large compared with those in other developing areas. 8 The organization of official grainmarketing systems in many East and Southern African countries features a predominantly one-way flow of grain from rural to urban areas and is characterized by centralized urban milling and storage facilities.9 This structure implicitly assumes rural self-sufficiency in grain. Moreover, national food policies often restrict private movement of grain directly from surplus to deficit rural areas and thus inflate marketing costs and consumer prices in the latter areas. In some countries such as Zimbabwe, a circuitous flow of grain has evolved in which marketed grain surpluses flow out of rural areas through the official marketing channel to be milled in urban areas and are then returned to rural areas in the form of commercial maize meal. 10 Because of redundant transportation costs and relatively high milling margins of centralized urban millers, the price of commercial maize meal is typically 10%-50% higher than the cost of maize procured and milled through local private channels."
How does the large wedge between producer and consumer maize prices affect smallholder incentives to produce groundnuts and sunflower, the major nonfood a sh crops in semiarid Zimbabwe? By restating inequality (1), the net revenue remaining to the household (Z,-) from planting oilseed crop i rather than grain is
In order to assess whether the wedge between producer and consumer maize prices is large enough to alter the sign of Z, for grain-surplus and grain-deficit households, equation (2) is calculated using survey data on crop production costs and returns in five semiarid smallholder areas collected by the Zimbabwean Ministry of Lands, Agriculture, and Rural Resettlement (MLARR). 12 Results are presented in table 1. For households that have a grain surplus (D = 1), sunflowers provided higher gross margins than maize in all five areas, while groundnuts gave higher gross margins in four of five areas. These results are consistent with those of the World Bank, which also indicate that sunflower and groundnut provide con- * No decrease in maize meal consumer price is necessary because the strategy of oilseed production/maize meal purchase is already profitable, according to the survey data.
sistently higher returns to land, labor, and capital than the grain crops in the semiarid areas. 13 This type of analysis implicitly assumes selfsufficiency in grain, that is, that the opportunity cost of using farm resources for oilseed production is the returns from alternative crops for sale.
When the assumption of grain self-sufficiency is relaxed, oilseed production becomes distinctly less viable. In seven of the nine cases where oilseeds gave higher gross margins than maize, this result was reversed when the opportunity cost of land was conceived in terms of grain forgone for consumption (valued at the consumer price of grain meal, i.e., D = 0) rather than grain forgone for selling (valued at the producer price, i.e., D -I). These contrasting results are due to the large difference between maize producer prices and consumer maize ireal costs. 14 How much lower must the consumer price of staple meal be to make oilseed production viable for grain-deficit smallholders? The answer to this question can be found by setting net revenue in equation (2) to zero and solving for the consumer grain price (PCgr). These threshold consumer prices for grain meal are presented in the righthand column of table 1. The results suggest that for food-deficit farmers grain meal prices would have to decline by about 5%-30% in most cases before sunflower or groundnut production would be a profitable substitute for food crops. The cost of marketing food to rural areas may thus affect the growth of cash crop production.
III. The Model
The foregoing suggests that, in the areas of Zimbabwe analyzed by MLARR, smallholders will have little incentive to produce oilseeds for the market until enough land and resources have been devoted to grain for self-sufficiency. Beyond this point, however, one may expect that extra productive resources would be used increasingly for cash crop production if these crops provide higher returns for sale. It does not follow that all remaining land and resources in excess of that required for grain self-sufficiency should be devoted to oilseeds in consideration of various nonmarket purposes of surplus grain production such as gifts, beer brewing for ceremonial functions, livestock feed, and insurance stocks. In addition, recent research from elsewhere in Africa indicates that there are important complementarities between grain and cash crop production. In Senegal, S. Goetz found that crop diversification allowed farmers more fully to utilize farm inputs, to the extent that food and cash crops require labor or draft inputs at different periods, thus generating a higher value of output for a given bundle of inputs. 15 In southern Mali, Josue Dione found that households producing cotton were more likely to have animal traction equipment, access to credit, and technical inputs and, as a result, to produce more grain crops. 16 The discussion leads to two specific empirical questions: (Ql), Is oilseed cultivation higher, ceteris paribus, among grain-surplus households than grain-deficit households? and (Q2), If there are complementarities between grain and oilseed production, is there any difference in the ability to exploit them between grain-deficit and grain-surplus households? Note that these questions do not stem from behavioral assumptions about smallholders' responses to market and production risks, although these factors are undoubtedly important in many areas. 17 While it is often noted that smallholders appear to strive for grain self-sufficiency along with any new ventures into cash cropping, it is unlikely that risks associated with the availability or price of staple grain are important causes of this behavior in Zimbabwe. Unlike many developing areas, Zimbabwe's Grain Marketing Board throughout its history has defended its producer and selling prices with little exception. Staple maize meal is also consistently available throughout the year at fixed prices (or slightly above), even in the most remote areas. Moreover, the Grain Marketing Board, which buys the bulk of smallholder grain and sunflower seed sold nationally, offers fixed prices with no variation within years and very little variation in real prices between years. Rather, Ql and Q2 are based on the theoretical implications from Section II that oilseed cultivation for sale may provide lower expected net revenue than food crops for grain-deficit households despite providing higher returns to land and labor than grain depending on the level of food marketing costs and consumer prices in rural areas.
Using cross-sectional survey data from Zimbabwe, Ql and Q2 are examined econometrically. It is widely considered that, due to yield variations, area planted is a more accurate reflection of resource allocation than ex post production outcomes, hence the use of oilseed area as the dependent variable. 18 Area planted to oilseeds was regressed on predetermined variables entering a standard production function such as number of draft animals, labor input, and capital equipment, as well as the expected degree of household grain self-sufficiency. Since decisions affecting grain self-sufficiency are made simultaneously with area planted to oilseeds, estimated values from two auxiliary equations are used in the estimation of oilseed area. With the symbol * denoting an estimated value, the set of equations is ,
SSL* = yf + ST -REQ, and
e2 ,
where yf = predicted value of grain production used to estimate the level of grain self-sufficiency (SSL*); x = vector of predetermined household asset variables described below; ST = household grain stocks at the beginning of the harvest period; REQ = grain consumption requirements (based on the number of resident adults and children); and y>2 = area planted to oilseed crops with the intention of sale. 19
Both grain stocks and consumption requirements are considered known with reasonble accuracy at planting time. Prices of oilseeds and grain crops were excluded because the Grain Marketing Board's policy of pan-territorial and pan-seasonal pricing creates a lack of observed price variation among households.
We may empirically test Ql and Q2 in equation (3c) by allowing the slope and intercept linking cash crop area to the degree of household grain self-sufficiency to change at the point at which self-sufficiency is reached. The specification of (3c) used here is LOG/ = area-specific dummy variables to account for variations in rainfall and infrastructure conditions between households in different regions; and D -dummy variable that takes on a value of one for households in which SSL* > 0, and zero otherwise.
Under the assumption that oilseed cultivation is not influenced by the achievement or the degree of grain self-sufficiency, a5 and a6 equal zero, and equation (4) Using regression results from equations (4) and (5), Ql may be empirically examined using an F-test of the joint hypothesis that as = a6 = 0 and Q2 may be examined by comparing the magnitude am; significance of a4 and a6.
IV. Data and Characteristics of ths Sample
The cross-sectional household data were drawn from field surveys of 495 families selected randomly from 20 wards in five smallholder areas between April 1990 and March 1991. Average annual rainfall within each region ranges from 400 to 700 millimeters. Rainfall during the production period was slightly below average. To facilitate visual comparison, the total sample of households was stratified into quintiles according to their net grain sales during the year. 20 Characteristics of the sample are summarized in table 2. Across all quintiles, grain and oilseeds constitute 76% and 19%, respectively, of total cropped area. The proportion of farmers growing oilseeds with the intention of selling varied from 33% among households in the bottom grain sale quintile to 63% among the top quintile. The most common response among households in the grain-deficit quintiles as io why they did not grow more grain to feed themselves was lack of sufficient land and draft power. This is in spite of the fact that an average of 79% of their cropped land was already devoted to grain.21 On the other hand, smallholders in the grain-surplus quintiles increasingly mentioned the profitability of other crops as the main reason why they did not plant more grain.
The distribution of land, value of equipment, and number of draft animals among households varied widely among households in different quintiles. Other researchers have also noted a very skewed distribution of land, draft animals, and other productive resources among smallholders households. 22 This skewed distribution of resources is consistent with findings that 10% of the households typically account for over 50% of the grain crop income generated in these areas. The grain-surplus quintiles also had, on average, substantially higher per capita incomes from farm and nonfarm sources.
V. Results
Coefficient estimates for equations (4) and (5) are presented in table 3. All household asset variables had the expected sign and were significant at the 5% level or lower, with the exception of household labor. The hypothesis that oilseed cultivation did not differ between grain-surplus and grain-deficit households, that is, that a5 = ak = 0 in equation (4), was rejected at the .05 level of significance. Controlling for differences in household assets and location, grain-surplus households were estimated to cultivate, on average, 0.70 hectares of oilseed crops for the market compared with 0.47 hectares by their grain-deficit neighbors. In the driest and most grain-deficit location, oilseed area was estimated at 0.04 hectares and 0.27 hectares for grain-deficit and grain-surplus households, respectively. The sign of «., indicates no complementarities between grain and oilseed production among graindeficit households. However, once the point of self-sufficiency is reached, household oilseed cultivation is estimated to increase by 0.21 hectares for every additional ton of grain produced.
Note that these empirical results pertain to a market environment in which staple grain meal is consistently available throughout the year at stable prices. Price-monitoring surveys conducted biweekly in a broad range of rural areas in Zimbabwe indicate that the controlled selling prices of commercial maize meal, set by the government, are normally respected and appear to be exceeded by at most 10% even in the most remote rural areas.23 Moreover, historical reviews of grain marketing policy since 1980 indicate that commercial maize meal was in short supply in rural areas only once (1983) due to government pricing policy in which subsidies on commercial maize meal (removed entirely since 1986) were so large that the milling capacity of urban processors was temporarily exceeded. While smallholders' observed self-sufficiency behavior is commonly attributed to market risks associated with fluctuations in food price and availability, and is undoubtedly important in many developing areas, this explanation does not appear compelling in other areas such as Zimbabwe.
VI. Conclusions and Policy Implications
Assessments of relative profitability between food and cash crops typically are made with reference to producer prices of alternative crops and thus implicitly assume that farmers are food self-sufficient. Such calculations do not accurately reflect the most economical use of farm resources in food-deficient areas, since these calculations underestimate the true opportunity cost of devoting scarce productive resources to nonfood crops. This methodological critique also applies to indicators of comparative advantage, which carry normative judgments about cropping patterns. For countries where a significant portion of the rural farming population is net food deficient, the determination of comparative advantage on the basis of relative output prices disregards important opportunity costs of cash crop production. Such analyses may provide misleading information to national extension services and policymakers about desired crop mix to raise smallholder incomes and food security.
Smallholders' overriding concern with food self-sufficiency, commonly explained in terms of risk aversion, may also be explained on the basis of expected net returns in an environment of high foodmarketing margins and acquisition costs in rural areas. Despite providing higher returns for sale, the strategy of producing and selling oilseeds and purchasing food appeared to be unprofitable relative to food production for grain-deficit households in most areas analyzed in Zimbabwe. Econometric results from five survey areas also indicate that, in general, grain-deficit households are purchasers not because they are growing higher-valued crops with which to buy food but because they do not have the productive resources to grow enough staple food to feed themselves.
While mounting evidence from a wide range of developing areas indicates that smallholders who engage in substantial cash cropping have higher incomes than those who do not, the direction of causality has not been examined adequately. 24 The correlation between cash cropping and household income, while often interpreted as evidence to promote cash cropping, would also result from a situation in which diversification is undertaken generally by households that possessed sufficient purchased inputs and farm assets to assure food self-sufficiency and used residual resources to expand into cash cropping. It is not surprising that numerous studies throughout Africa have found that household food production, cash crop production, and per capita incomes are all highly correlated.25
In the long run, improved food crop productivity will enhance cash cropping incentives for grain-surplus and grain-deficit households, to the extent that they could satisfy expected self-sufficiency requirements with a smaller fraction of their productive resources. However, given the dearth of new on-shelf technology appropriate for semiarid smallholder conditions, this appears to provide only long-run potential.
In the medium run, more efficient rural food markets, to the extent that they reduce the opportunity cost of casii crop production, may be an important precondition for stimulating dynatu-: changes in crop mix more consistent with national a'j icultural growth and foreign exchange generation. The analysis indicates that consumer prices for staple food must fall by 5%-30% to stimulate cash cropping incentives in most grain-deficit areas of Zimbabwe, ceteris paribus. This is noteworthy because previous research in Zimbabwe has estimated that the current controls on grain movement, which restrict grain from moving directly from surplus to deficit areas, inflate consumer grain prices by as much as 50%. 26 Removal of such restrictions and active support for the development of intrarural trade could contribute simultaneously to governments' food security and agricultural growth objectives, both by reducing the cost of food purchased and by raising the value of farm output sold. Such policies apparently are neglected because of the conventional perception that farm households are predominantly food self-sufficient. This misconception underscores the negative effects of unidirectional single-channel state marketing systems commonly found in East and Southern Africa, which are primarily geared to extract grain out of rural areas and into urban milling, storage, and consumption centers.
Several caveats to this analysis are highlighted to suggest extensions for future research. First, the analysis examines the effect of a household's grain deficiency on its incentives to grow oilseeds for sale. The analysis does not examine a household's incentives to grow oilseeds for its own consumption, gifts, or other nonmarket purposes. Second, the analysis does not examine the effect of production risk on the relative incentives to grow oilseeds, which may be especially relevant in semiarid areas prone to frequent drought. In such cases, the yield stability of grains versus oilseeds becomes important. The risk of drought may induce households to put more of their land in grain to assure adequate supplies even under poor yield conditions. Third, the analysis has not addressed potential economies of scope in input use, which might provide incentives for crop diversification regardless of farmers' position in the grain market. Finally, the analysis does not examine hew off-farm employment opportunities affect grain and cash crop production. The introduction of a competing source of labor income may alter somewhat the trade-offs between grain and oilseed production. However, the wedge between producer and consumer food prices creates the same dual calculation for off-farm employment as for cash crops; that is, returns to labor may be higher in off-farm employment than in production of food valued at the selling price, but not necessarily at the purchase price. Further analysis of the relationship between rural food markets and cash crop production in other countries would help gauge the robustness of these results.
Notes

